result of learning the more complex grapheme-to-phoneme mappings of the French orthography. This should be reflected in their VAS skills with a more uniform distribution of visual attention over letter strings (Lallier et al., 2016) . To capture differences in the distribution of attention over letter strings in RAN, a novel RAN task was designed with the aim of increasing the bias towards processing multiple letters by including letter sequences corresponding to frequent lexical items. The wider distribution of visual attention over multiple letters hypothesized in the French-Basque group, should increase the probability of lexical identification in this group, meaning it should increase the detection of words in the letter sequence. As a result, lexical access from the words' identification should interfere with letter-by-letter naming, thus increasing overall naming speed. Lastly, RAN and VAS skills are expected to correlate positively within both bilingual groups (van den Boer et al., 2014 (van den Boer et al., , 2015 .
Method Participants
The children recruited for this study were attending bilingual primary schools (1 st to 5 th grade) in either the French-Basque, or the Spanish-Basque regions of the Basque Country.
They were divided into two age groups (younger children from 1 st and 2 nd grade and older children from 3 rd , 4 th and 5 th grade), depending on whether they had received either fewer or more than two years of formal education. This distinction was made because two years of formal literacy schooling is usually the limit at which most children have acquired lexical reading successfully (Aaron & Joshi, 1989) . From the French-Basque bilingual region, 15 younger children (7 females) and 12 older children (7 females) were assessed, and then matched to children drawn from a larger pool of participants assessed in the Spanish-Basque bilingual region. The project was approved by the ethical committee of the institution.
Children were matched based on gender (all but one pair), chronological age, language background (see below) and two control measures: non-verbal intelligence and text reading fluency in their first language (L1). Language background matching criteria were based on questionnaires provided by the children´s legal tutors and included: the order of acquisition of their L1 and their second language (L2), the age of acquisition (AoA) of Basque, and the percentage of bilingual exposure (percentage of time exposed to a bilingual environment). The legal tutor of each child was informed about the techniques, duration and goals of the study, and provided written consent for the child´s participation.
As aforementioned, the two language groups (French-Basque and Spanish-Basque bilinguals) were matched on chronological age within both the younger (U = 123, Z = 0.44, p = .67, r = .08), and older (U = 59, Z = -0.75, p = .47, r = -.15) age groups. Regarding language background, the two language groups were matched on AoA of Basque in the younger (U = 116.5, Z = 0.56, p = .60, r = .10), and the older (U = 98, Z = 1.64, p = .11, r = .33) age groups, and on percentage of bilingual exposure in the younger (U = 61.5, Z = -1.44, p = .16, r = -.26), and older (U = 61.5, Z = 0.066, p = .96, r = .01) age groups. The younger French-Basque bilingual group reported a lower score on overall competence in Basque than the Spanish-Basque bilingual younger group (t = -3.41, df = 21.54, p = .003). On this measure, no difference was found for the older age groups (t = -0.28, df = 18.38, p = .78) (table 1) . Information on the children's non-verbal intelligence and text reading fluency is provided in the results section (table 2) .
<Insert Table 1 here>
Experimental Tasks
The tasks presented in this study were administered as part of a larger battery consisting of eight 45-minute sessions that were performed with the teachers´ permission, during school hours, and in a quiet room within the school. Tasks were carried out in four different orders, and the computer-based tasks were administered using Presentation ®. In this study, the focus is on two cognitive paradigms of interest including a task measuring VAS abilities (a visual 1-back task) and tasks measuring RAN skills. A non-verbal intelligence task and a measure of text reading in the L1 and L2 were used as control tasks.
All tasks, except text reading in Spanish or French, were administered and performed in Basque.
Cognitive tasks of interest.
Visual 1-back task (VAS)
. VAS skills were assessed with a visual 1-back paradigm (Lallier et al., 2016) . Stimuli were created using 13 consonants present in the Basque, were not word skeletons of these languages (e.g., T L F N S, for "teléfonos" in Spanish).
Letters were not repeated in a single letter string. Two different tasks were created depending on the children´s grade, as preliminary piloting showed that five-consonant strings were too difficult to process for younger children. Therefore, a task including 92 four-consonant strings, and a task including 104 five-consonant strings, were designed for the younger (1 st and 2 nd grade), and the older age group (3 rd , 4 th and 5 th grade) respectively. Consonant strings were presented on a white screen in black upper-case Arial font and children were seated 70 cm away from the screen. Stimulus width varied between 4.24° and 4.4° of visual angle (four-consonant task), or 5.3° and 5.55° of visual angle (five-consonant task), and the centreto-centre distance between each adjacent letter was 1.2° to minimize lateral masking effects.
At the start of each trial, a central fixation point was displayed for 1000 ms, followed by the centred consonant string for 200 ms. The consonant string was followed by a white screen lasting 100 ms, and then a single letter (target), appearing below the median horizontal line.
Target letters were presented in red with a bold-italic font, to reduce visual similarity with the preceding letter strings. Children were instructed to respond as fast as possible by pressing either: a) the "Alt Gr" key (on the right), when the target letter was present in the previously presented consonant string, or b) the "Alt" key (on the left), when the target letter was absent.
The target disappeared after the child's response, and a screen with a question mark in the centre was presented, until the experimenter pressed the left mouse button to initiate the next trial. Trial order was randomized.
In the five-consonant task, the 104 trials included 65 trials in which the target was part of the string of consonants (the 13 consonants were presented five times as target, once at each position in the string), and 39 trials in which the target was absent (the 13 consonants were presented three times as targets). In the four-consonant task, the 92 trials included 52 trials in which the target was part of the string of consonants (the 13 consonants were presented four times as target, once at each position in the string), and 40 trials in which the target was absent (the 13 consonants were presented three times as targets and one was presented four times). Both tasks were preceded by five practice trials. Accuracy at each position and for absent trials was recorded, and was used to calculate a sensitivity index (dprime) that was used in the analysis. Only children who performed more than 60% of the trials were included in the analysis.
Single letter identification. This task was used to assess single element processing, as a control for multi-element processing, measured in the visual 1-back task. In each trial, a single consonant was presented in the centre of the screen at five different brief presentation durations (33, 50, 67, 84 and 101 ms). The consonant was followed by a 50 ms mask and children were asked to name the previously presented consonant. All consonants used in the VAS task were included in this task. A weighted sum, based on the accuracy of letter identification at each presentation duration was computed (accuracy at 33 ms * 5 + accuracy at 50 ms * 4 + accuracy at 67 ms * 3 + accuracy at 84 ms * 2 + accuracy at 101 ms, Awadh et al., 2016) .
Rapid automatized naming (RAN).
Three letter RAN tasks were administered:
consonant RAN, non-word RAN and word RAN. In all three tasks, children were presented with a stimulus board on the computer screen. The stimulus board consisted of four rows with nine letters on each row, and children were asked to name each letter as quickly and as accurately as possible. Letters were capitalized and equally spaced in all three tasks. In the typical consonant RAN, six consonants were included (G-/ge/, S-/ˈese/, M-/ˈeme/, N-/ˈene/, H-/ˈaʧe/, K-/ka/). The other two RAN tasks included the same letters: four consonants (G-/ge/, S-/ˈese/, M-/ˈeme/, N-/ˈene/), and two vowels (E-/e/, U-/u/). The non-word RAN task acted as a control for the word RAN task since it included exactly the same stimuli, with the difference that in the word RAN task, some sequences of letters formed short frequent words in Basque (i.e., "M U S U" = kiss, "U M E" = child, "E G U N" = day, "S E M E" = son). All these words consist of simple single-letter to phoneme mappings. These Basque words were located at different positions in each row (e.g., starting at the 1 st , 3 rd or 5 th letter of the row).
In the non-word RAN task, the letter sequences did not form any words. Note that in all three tasks the same instructions were given: to name the letters one by one as quickly as possible.
Children had to name the letters following a direction simulating reading, starting at the top left corner, proceeding in each row from left to right and continuing until the bottom right corner of the stimulus board. Moreover, when the instructions of the word RAN task were given, no indication/clue regarding the hidden manipulation (i.e., the presence of the four Basque words) was provided. Before the test phase in each of the tasks, children were asked to name the individual letters in order to assess their familiarity. Naming speed, which has been commonly linked to reading skills (Landerl & Wimmer, 2008; Manis et al., 1999; Moll et al., 2014) , was analysed. RAN tasks were never performed consecutively and the word RAN task was always performed last, in order to avoid that any child who noticed the presence of Basque words would be affected when performing the other RAN tasks.
Control tasks.
Non-verbal intelligence. Non-verbal reasoning skills were assessed using the matrix reasoning subtest of the WISC battery (Wechsler, 2003) , that provides a measure of fluid reasoning. The experimenters coded children´s responses during the sessions and their scores were then converted to scaled scores based on chronological age. 
Text reading in

Data Analyses
For most tasks and measures described, Type II ANOVAs on performance were conducted with language group (French-Basque bilinguals, Spanish-Basque bilinguals) and age group (younger children, older children) as between-subject factors. D-primes on the VAS task were analysed separately for the different age groups, since the younger and older children performed different versions of the task, with language group as a between-subject factor. Additional within-subject factors were included depending on the task: a) target position for the VAS task (1 to 4 or 1 to 5 depending on the task) and b) task for the different RAN stimuli (consonant RAN, non-word RAN and word RAN). In cases of assumption violations, data transformation, corrections or non-parametric tests were used (i.e., log transformation, p-values based on Greenhouse-Geisser corrections for violation of sphericity assumptions, Mann-Whitney U test, Wilcoxon signed-rank test). Post hoc comparisons were performed using Hochberg corrections and t-tests using Welch´s t-test. Plots and tables always report the untransformed data for simplicity. Finally, pearson correlations between individual scores of overall naming speed (sec) on the RAN tasks and the average d-prime scores on the VAS task, were performed within each of the language groups, controlling for chronological age and age-standardised non-verbal intelligence.
Results
Control Tasks
The ANOVA on the age-standardised non-verbal intelligence scores showed no significant main effect or interaction (ps > .70), indicating that the French-Basque and Spanish Basque bilinguals were matched on this measure. The ANOVA on log-transformed reading fluency in the L1 (French or Spanish) also showed no effect or interaction with language group (ps > .29), indicating that the two language groups were matched on their reading skills in their L1. Single letter identification. No effect of language group was found on the weighted sum, calculated based on performance on the single letter identification task, in the younger (U = 124, Z = 0.48, p = .65, r = 0.09) or the older children (U = 71, Z = -0.06, p = .97, r = -.01). Subsequently, differences between the two groups on the visual 1-back task cannot be attributed to differences in single letter processing (table 3) .
<Insert Table 3 here> Descriptive statistics on RAN performance (errors and speed) are presented in table 5.
There were no differences regarding errors during the RAN tasks in the older (ps > .15) or the younger (ps > .12) age group (indicating that differences in reaction times are not related to a speed-accuracy trade-off). In naming speed, there was a marginal age group effect (F(1,48) = 3.92, p = .05, η p 2 = .08), a significant language group effect (F(1,48) = 98.06, p < .001, η p 2 =
.67) and a significant task effect (F(1,96) = 4.01, p = .02, η p 2 = .08). All these effects were also part of a triple interaction described below. The age group by language group interaction was not significant (F(1,48) = 0.08, p = .78, η p7.63, p = .003, η p 2 = .14), language group by task (F(1,96) = 4.75, p = .02, η p 2 = .09) and age group by language group by task (F(1,96) = 6.77, p = .005) interactions were significant.
<Insert Table 5 The post hoc tests also indicated that the younger children of the Spanish-Basque bilingual group performed the consonant RAN at a similar speed to the non-word RAN (t = 2.14, df = 14, p = .25, η p 2 = .25) but more slowly than the word RAN task (t = 3.72, df = 14, p = .01, η p 2 = .50). The non-word and the word RAN task were performed at a similar speed (t = 1.38, df = 14, p = .19, η p 2 = .12). The younger children of the Spanish-Basque bilingual group also performed all RAN tasks more slowly than the older children of the SpanishBasque bilingual group (consonant RAN: t = 4.91, df = 23.10, p < .001, η p 2 = .51, non-word RAN: t = 5.60, df = 24, p < .001, η p 2 = .57, word RAN: t = 4.10, df = 21.34, p < .001, η p 2 = .44). The older children of the Spanish-Basque bilingual group performed all the RAN tasks at a similar speed (ps > .53). Lastly, the Spanish-Basque bilinguals performed all RAN tasks overall more quickly than the French-Basque bilinguals of the same age group (ps < .05) (see figure 3 ).
<Insert Figure 3 here> Overall, in most cases the older age group performed the RAN tasks faster than the younger age group and the French-Basque bilingual group performed all RAN tasks more slowly than the Spanish-Basque bilingual group. Of particular interest is the pattern of performance found for the word RAN task in the French-Basque bilingual group: while there was no effect of the manipulation in the younger age group, in the older age group the word RAN task was performed more slowly than the two other RAN tasks by the French-Basque bilingual group. This pattern of results was absent in the Spanish-Basque bilingual group.
Correlations between RAN and VAS performance.
Correlations were performed between the average d-prime scores on the VAS task and the reaction times of the RAN task. Although the latter were not normally distributed, correlations performed using the normally distributed, log transformed data, resulted in the same patterns of significance. Thus, correlations and plots present the untransformed data (see table 6 and figure 4) for simplicity. No significant correlations were found between performance on any of the RAN tasks and the VAS task, neither in the Spanish-Basque bilingual group (ps > .24), nor the French-Basque bilingual group (ps > .16). However, note that the direction of the correlations in the French-Basque bilingual group indicated that:
better VAS skills related to better performance on RAN in the consonant and non-word RAN tasks, while the opposite was true in the word RAN task (possibly because in the latter, better multi-element processing resulted in easier identification of the embedded words).
<Insert Table 6 The results in both the RAN and VAS tasks demonstrated no significant differences between French-Basque and Spanish-Basque bilinguals in the earlier grades. This should result from children still relying strongly on sequential decoding at these early stages of reading acquisition. As mentioned in the introduction, the shift towards whole-word processing in later stages of reading acquisition (Frith, 1985; Share, 1995) , and the subsequent use of larger orthographic units, should enhance the observable effects of orthographic depth on the size of multi-letter units that are processed. However, previous studies have reported effects of orthographic depth in first and second grade children both in phonological processing skills (Bialystok, Majumder, & Martin, 2003; Goswami, Ziegler, & Richardson, 2005; Mann & Wimmer, 2002; Patel, Snowling, & de Jong, 2004) , and visual or orthographic processing skills (Kandel & Valdois, 2006; Lallier et al., 2016) . Therefore the possibility that differences can be observed earlier in reading development given either more sensitive measures, or larger sample sizes, cannot be discarded.
Interestingly, despite the lack of significant differences in the younger group, there were indications that in both tasks multi-letter processing was relied on to a greater extent in the French-Basque bilingual group. Regarding VAS skills, the pattern of results demonstrated, even in the younger children, higher average d-prime sensitivity for the French-Basque as compared to the Spanish-Basque bilinguals. Furthermore in the RAN task including words, the experimenter reported that even in the younger group, only children from the French-Basque bilingual group read out loud some of the words hidden in the stimulus board (4 of the 15 children of the younger group and 8 of the 11 children of the older group of French-Basque bilinguals).
The above trends favour the previous explanation: that the lack of effects in younger children is related to the earlier stage of reading acquisition, which undermines the effects of orthographic depth. More specifically regarding the lack of effects in RAN in the younger group, it has been suggested that the developmental transition from more sequential or itemby-item processing to more parallel processing (involving processing of more items at a time)
is characteristic of reading but is also reflected in RAN (Protopapas et al., 2013) . If this is the case, in more advanced readers RAN processing should involve processing more letters at a time, thus providing a better setting to observe the interference of the words introduced in the task. A final possibility is that the influence of words in the RAN task was reduced in the younger French-Basque bilinguals due to their lower level of Basque proficiency. However,
given that the words included in the task were highly frequent, this is a less plausible explanation.
Importantly, in both the VAS and RAN tasks, the results in the older group of children supported the initial hypotheses. Concretely, the results on VAS sensitivity in the older group of children indicated that the French-Basque bilinguals distributed their attention more uniformly across the letter string, since sensitivity was similar on all five positions. This was not the case for the Spanish-Basque bilinguals, who were significantly less sensitive to the final letters of the string (4 th and 5 th as compared to the 2 nd and 3 rd letters). The uniform distribution of attention in the French-Basque bilinguals is attributed to their experience reading in the French orthography, which is characterized by more complex grapheme-to-phoneme mappings. The complexity of these mappings results in the use of larger orthographic units in reading, and is reflected in their ability to process more letters with similar sensitivity. These results are also in agreement with previous findings highlighting the VAS as a useful index of the influence of orthographic depth on visual letter processing (Awadh et al., 2016; Lallier et al., 2016; Lallier, Carreiras, et al., 2013) .
Concerning the RAN results, the insertion of high frequency Basque words in the task had a detrimental effect only in French-Basque bilinguals of the older group. The slower naming scores of the French-Basque bilinguals in this task can be interpreted as the manifestation of a processing cost resulting from lexical access to the Basque words.
According to this hypothesis, French-Basque bilingual children in the older group must have processed more letters in parallel when performing the task than their Spanish-Basque peers, thus capturing the letters that composed the Basque words as a whole. These results confirm that the effects of orthographic depth can be observed in tasks not directly involving reading (Lallier et al., 2016; Lallier & Carreiras, 2017) . Furthermore, the results indicate that there is a degree of multi-letter processing in the RAN that can be enhanced under certain conditions (in this case the insertion of lexical units). This supports previous studies suggesting that there is an aspect of multi-element processing in RAN (Bowers, 1995; Logan et al., 2011; Logan & Schatschneider, 2014; Protopapas et al., 2013) , and could explain the previously reported correlations between VAS and RAN performance (van den Boer et al., 2014 (van den Boer et al., , 2015 .
One of the issues that arise from the RAN results is that of the slower overall performance of the French-Basque bilingual group. Two factors could explain this result: a) while the two groups were matched on most language background measures, Spanish-Basque bilinguals were overall more fluent in Basque text reading, b) the degree of overlap in the pronunciation of letter names is almost complete between Spanish and Basque but smaller between French and Basque (e.g., the letter "H" is pronounced /ˈaʧe/ in both Spanish and Basque but /aʃ/ in French), thus increasing the difficulty of the task for the French-Basque bilinguals. Notably, this overall difference should not result from other group differences, since age, non-verbal intelligence and reading in the L1 were matched. Moreover, this should not jeopardize the main result, that the older group of French-Basque bilinguals was slower on the word RAN as compared to the other RAN tasks.
In general, one of the limitations of this study is the small sample size that did not allow matching the groups on some variables such as overall competence and reading fluency in Basque. However, the small sample size and lower Basque proficiency of the FrenchBasque bilinguals are factors that decrease the possibility of encountering the observed effects. Therefore, studies on larger samples that are more extensively matched on language measures should demonstrate even stronger effects.
The third hypothesis exposed in the introduction, was that RAN and VAS performance should correlate within both French-Basque and Spanish-Basque bilinguals. No correlations were found in either group. The lack of correlations between VAS and RAN skills was not expected based on previous studies (van den Boer et al., 2014 (van den Boer et al., , 2015 . To address the possibility that the lack of correlation was due to the small sample size, the larger pool of participants assessed in the Spanish-Basque bilingual region (260 children from grades 1 to 5) was used to study the relation between these two skills. Significant correlations between average VAS sensitivity (d-prime) and RAN speed were found for all three tasks, while controlling for age and age-standardised non-verbal intelligence, (consonant RAN: r = -.20, p = .001; non-word RAN: r = -.18, p = .004; word RAN: r = -.20, p = .001), indicating that sample size was indeed a factor affecting the results and that, overall, better VAS skills relate to faster RAN.
Another aspect to consider when examining the results in the word RAN task is that of individual differences in RAN processing. The hypotheses and results support that RAN performance reflects multi-letter processing and that the number of letters that can be processed is influenced by orthographic depth. If this is the case, reading experience in deep orthographies should increase the bias towards multi-letter processing, while reading experience in shallow orthographies should decrease this bias. For the Spanish-Basque bilinguals, reading more in either of the two shallow orthographies would not create heterogeneity in this bias, since reading in either of the two orthographies should decrease the bias towards multi-letter processing. However for French-Basque bilinguals, children who read more in the deep French orthography would be more strongly biased towards multi-letter processing than children who read more in the shallow Basque orthography. Therefore within the French-Basque bilinguals, the degree to which each individual is biased towards multiletter processing could be more variable and depend on the time spent reading in each language (see footnote 2). Differences in the degree of bias towards multi-element processing as a result of the amount of time spent reading in a deep or shallow orthography would also be expected to influence the multi-element processing bias reflected by VAS skills.
The present study explored the effect of orthographic depth on multi-letter processing in two tasks including visual letter processing: VAS and RAN. These skills were evaluated in two groups of bilingual children, one group learning to read in two shallow orthographies (Spanish-Basque) and the other learning to read in a deep and a shallow orthography (FrenchBasque). The results indicate that reading in the deep French orthography lead to a larger bias towards the use of multi-letter processing in both the VAS and the word RAN tasks in more advanced readers (3 rd , 4 th and 5 th grade). Further research on larger samples is needed to test the degree to which orthographic depth and bilingual reading experience can affect the bias towards multi-letter processing depending on the relative time spent reading in each language. Cross-linguistic studies at this level can provide information regarding the difficulties faced by bilingual children learning to read in two languages, but also regarding the tools they have at hand to compensate for these difficulties.
Footnotes
Footnote 1. The assumption of normality was violated in two of the sub-conditions and could not be corrected by transforming the data. Therefore all post-hoc comparisons were also performed using the Mann-Whitney U and Wilcoxon signed-rank tests and adjusting for multiple comparisons. The pattern of significance remained the same so the parametric ANOVA and post hoc comparisons are presented for simplicity.
Footnote 2. While the information necessary to answer this question was available for the sample of this study, the results were not conclusive due to the small variability of reading experience in Basque for the French-Basque bilinguals. were removed due to a technical issue during assessment (RAN speed>700sec). 
